Abstract-This paper introduces amplitude and phase nulling with a genetic algorithm with the intent of finding the optimum number of LSB of control needed to place multiple nulls while not significantly distorting the far field pattern. Many interference scenarios were modeled and individual runs were averaged to conclude that five LSB of amplitude and three LSB of phase control out of a total of eight bits are best for the linear array modeled.
INTRODUCTION
Genetic Algorithms (GAs) have been applied to many adaptive antenna array and electromagnetics applications [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Adaptive phaseonly nulling with a genetic algorithm was introduced in [1] . Our adaptive nulling approach with a GA implementation uses the total output power from the array, rather than the signal at each element, as feedback for placing the null. As a result, it works with minimal hardware requirements [1] [2] [3] . The adaptive genetic algorithm is superior to an adaptive gradient algorithm. Calculating the gradient in every generation requires more power measurements, and it slows convergence speed of the algorithm compared to the GA [4, 5] . In addition, the gradient algorithm gets stuck in a local minimum while the GA is less likely to get stuck in local minimum.
A least mean square (LMS) algorithm updates weights based on a least mean square (LMS) error and a convergence speed constant, A I multiplied by covariance matrix. It is hard to choose a proper value of dynamically since it should be decided on the basis of the covariance matrix, and the power ratio between desired signal and interference signal [17] . Figure 2 , and it is almost identical to that of the phase-only nulling with a GA [1, 2] . The algorithm begins with creating initial population and measuring output powers of the initial population. The cost function of the adaptive genetic algorithm evaluates the power corresponding to the amplitude weights and phase shifter settings. 
RESULTS
The array is a half wavelength spaced 32 element linear array, lying along the x-axis with a -30 dB Chebychev amplitude taper and zero phase shifter settings
initially. An 8 bit amplitude weight and an 8 bit phase shifter are used for each array element.
A GA controls only some of the least significant bits (LSB) of the amplitude weights and phase shifters to minimize the total output power. The 3, 4, and 5 least significant bits (LSB) of phase shifters out of the 8 bits are used for the phase-only control adaptive array with a GA since the 2 LSB of the phase shifter control is not enough to generate a null, and more than 5 LSB of the phase shifter control gives large mainbeam and sidelobe distortions. Figure 13 . It shows that the null depths generated by the 5 LSB amplitude with the 3 LSB phase control are lower than those of the phase-only control. In addition, the sidelobe distortion and the mainbeam degradation of the 5 LSB phase-only nulling are larger than that of amplitude and phase nulling when they generate nulls in Figure  13 . The mainbeam degradation and the adapted peak sidelobe levels are compared based on the number of bits for control in Tables 1 and  2 Figure 14 when the adjacent interference is incident on the arraysthe 2,d scenario.
The 5 LSB amplitude with 3 LSB phase control adaptive nulling has low peak sidelobe level on adapted pattern as the 3 LSB phase-only nulling in Table 2 . Furthermore, Table 2 and Figure  14 show that the more number of phase bits for control gives higher peak sidelobe levels on the adapted patterns.
CONCLUSIONS
There is a tradeoff between the number of LSB in the amplitude weights and/or phase shifters used in nulling and the performance of the adaptive antenna.
On the one hand, using only a few LSB creates little pattern distortions but does not create adequate nulls. On the other hand, using many LSB places great nulls but creates significant pattern distortion.
Many different jamming configurations were simulated.
Representative samples were shown here. The runs were averaged for each interference scenario. In addition, the interference sources were moved to various sidelobe locations.
After simulating many different scenarios, we conclude that 5 LSB of amplitude control and 3 LSB of phase control works best for up to two interference sources for the linear array simulated in this paper. Keeping the number of LSB at a minimum is important in order for an adaptive antenna to reduce far field pattern degradation. 
